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To all whom it may concern: 



Be it known that, Shumiao JIANG has invented certain new and useful 
improvements in 



SYSTEM, METHOD AND TERMINAL PROCESSING APPARATUS 
FOR OPTICAL FIBER TRANSMISSION 



of which the following is a description: 



PATENT 

SYSTEM, METHOD AND TERMINAL PROCESSING 
APPARATUS FOR OPTICAL FIBER TRANSMISSION 

Field of the Technology 

[0001] The present invention generally relates to network communication 
technology, and more particularly, to a system, terminal processing apparatus and 
method for optical fiber transmission. 

Background of the Invention 

[0002] At present, optical fiber transmission has been widely used in 
telecommunication system. In access layer, the commonly used modes are "optical 
fiber + category 5 cabling LAN (Local Area Network)", "optical fiber + xDSL (x 
Digital Subscriber Line)" or "optical fiber + Coaxial-Cable", in which all User 
Equipments (UEs) connect with optical fiber through cables rather than directly. 
Therefore, these modes can never completely shake off the limitations caused by 
transmission bandwidth of cables and make full use of the advantages of the optical 
fiber in bandwidth. Along with the parallel developments of voice, data and video 
services, bandwidth limitations of transmission cable have become a big obstacle to 
the development of telecommunications. 

[0003] The "optical fiber + category 5 cabling LAN" mode provides 
subscribers with 10M/100M Ethernet network interface to support broadband data 
access, where the transmission distance of category 5 cabling is no longer than 200 
meters. 

[0004] The "optical fiber + xDSL" mode provides, via a copper twisted-pair, 
subscribers with interface of which the rate is from several hundred kbps to less than 
one hundred Mpbs, where the transmission distance is often less than 10km and the 
transmission rates and transmission distances of different types of DSL (Digital 
Subscriber Line) are diversified. 

[0005] The "optical fiber + Coaxial-Cable" mode provides subscribers with 
broadband services, which are mainly cable television (CATV) signals, as well as 
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voice and data transmission in some countries through coaxial cable, where the rate is 
up to 40Mbps but the transmission distance is also less than 10km. 

[0006] Therefore, in all the present optical fiber transmission modes, optical 
fiber is used for data transmission only in part of a communication network while 
other low bandwidth transmission media still exist between UE and optical fiber. As a 
result, on one hand, compared with the transmission bandwidth of optical fiber, the 
bandwidth of less than 155M of these low bandwidth transmission media such as 
copper cables can guarantee neither enough bandwidth that is needed for data 
transmission in the entire communication networks nor upgrading and capacity 
expansion of the communication network; on the other hand, the transmission 
distance of less than 10km of these low bandwidth transmission media can also 
gravely limit the development of communication networks. 

[0007] In order to overcome the shortcomings in the above commonly used 
optical fiber transmission modes, the FTTH/D (Fiber to the Home/Desktop) concept is 
put forward. At present, the major technique that is used in FTTH/D is BPON 
(Broadband Passive Optical Network). In terms of transfer protocol and transmission 
rate BPON can be further divided into APON (ATM Passive Optical Network), 
EPON (Ethernet Passive Optical Network) and GPON (Gigabit-capable Passive 
Optical Network). 

[0008] The APON is one kind of optical fiber transmission technology that is 
based on ATM (Asynchronous Transfer Mode); APON system comprises OLT 
(Optical Line Terminal) at the service side, ONU (Optical Network Unit) at the 
subscriber side and ODU (Optical Distribution Unit) between said ONU and OLT, 
where ODU provides one or more optical transfer paths between the OLT and the 
ONU. 

[0009] The EPON technology implements optical fiber transmission based on 
Ethernet and mainly comprises OLT, ONU and POS (Passive optical Splitter/Coupler); 
wherein, said OLT locates at CO (Central Office) and may provide interfaces between 
EPON system and the kernel data, video and telephone network of the service 
providers; the ONU locates at Customer Premises Equipment (CPE), and provides 
interfaces between the EPON and the data, video and telephone network of the 
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subscriber; while said POS is a passive device that links the OLT and the ONU with 
the functions of distributing downlink data and converging uplink data. 

[0010] Therefore, the present optical fiber transmission technology has 
provided relatively mature methods of data transmission through optical fiber and 
reliable technical supports for widespread applications of optical fiber transmission in 
network communication systems. However, the problems that need to be solved in 
applications of optical fiber transmission in an entire network communication system 
include not only the problem of how to transfer data in the optical fiber, but also that 
of how to packet the data to be transferred in a user terminal, how to distribute the 
data when the user terminal receives a data packet that contains different types of data, 
how to switch the data after the data have been transferred through the devices at the 
network side and etc. 

[0011] In an existing communication network, optical fiber transmission 
technology is used for only part of the network. If optical fiber transmission is to be 
used in the entire communication network, adaptive adjustment is needed for the 
packet processing at the user terminal, for data switching after the data are transferred 
to CO, and for other corresponding functions in the existing network. 

[0012] In an existing communication network, the switching portion of the 
network corresponding to optical transmission unit can only implement switching of 
bearer network level granularity, for instance, switching of VC4 or VC12, rather than 
the switching of service network level granularity, which means that the switch unit in 
the existing optical fiber transmission process can only accomplish part of the 
switching task in communications. The service network level granularity is the 
minimum bandwidth unit that is transferred and switched in the service layer of an 
existing communication network, and cannot be recognized, multiplexed or de- 
multiplexed by the bearer network, for instance, a transmission network with the 
granularity of 2M cannot recognize, multiplex or de-multiplex the 64Kbps cross 
granularity in a voice service network. Moreover, the terminals in existing optical 
transmission networks are usually access devices or switching equipments rather than 
real client terminal devices. 
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[0013] An existing communication network can be divided into two layers, the 
bearer network and the service network, wherein the bearer network can be further 
divided into circuit switched SDH/WDM (Synchronous Digital Hierarchy or Wave 
Division multiplexing) transmission network and packet/cell switched IP/ATM 
(Internet Protocol/Asynchronous Transfer Mode) data network. An SDH/WDM 
transmission network can provide carrier-class services with excellent QoS (Quality 
of Service) and security characteristics while the complicated layered network 
architecture of its switching portion increases the cost of network construction and 
maintenance. 

[0014] The above transmission network may be divided into access 
transmission layer, convergence transmission layer and core transmission layer,, as 
shown in Fig.l. The access transmission layer implements the access of dispersed 
subscribers to the local switch while convergence transmission layer and core 
transmission layer accomplish transmission across switches and transmission of long 
distance services. Therefore there is switching operation in each transmission layer. 

[0015] The core switching layer of the above-said IP data network comprises 
high-rate routers and takes the form of Mesh network mostly while the convergence 
layer and access layer thereof comprise edge routers, three-layered switches, 
broadband access servers, and two-layered switches. So the network architecture is 
very complex. 

[0016] The service networks in an existing communication network can be 
divided into voice, data and video service networks, which are above the bearer 
network and implement the processing and switching of the service layer, and the 
devices thereof include voice switches, two and three-layered data switches (L2/3), 
routers, and video switching platforms. Existing service networks usually construct 
and maintain their own networks respectively. In one word, layered network 
architecture and separate networking of the three major services make the overall 
networking cost and overall maintenance cost of existing communication networks 
remain high while problems in QoS of IP networks lowers the transmission quality of 
real-time services including video phone, video conference, and etc. 
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[0017] Therefore, applications of optical fiber transmission technology at 
present have the following problems: 

[0018] 1, the complicated layered network architecture makes the overall cost 
of network construction and maintenance remain high; 

[0019] 2, the separate construction of the layer of voice, data and video 
service networks in network communications brings about higher overall cost of 
network construction and maintenance, resulting in wastes caused by redundant 
network construction; 

[0020] 3, the relatively low bandwidth transmission media existing in the 
entire communication network, compared with the transmission bandwidth of optical 
fiber, can not meet the bandwidth requirement of subscribers, making it impossible to 
guarantee the QoS in network communications, for instance, there are relatively 
serious time delay and jittering in videophone and videoconference services; 

[0021] 4, the commonly used ring structure in network communications has 
relative poor protecting effects on data transmission; 

[0022] 5, neither application for bandwidth resources based on each call nor 
allocation of bandwidth resources on demand is supported in existing network 
communications, making it impossible to satisfy the diversified needs of users; 

[0023] 6, the electric magnetic radiation generated from copper transmission 
cables commonly used in communication networks damages the surrounding 
environment while surrounding electric magnetic radiation can also interfere with the 
signals transferred through copper cables. 

Summary of the Invention 

[0024] The invention provides a system and a method for optical fiber 
transmission such that optical fiber transmission could be implemented at relatively 
lower cost in the entire network communication system and the demand for reliable 
and rapid transmission could be satisfied. 

[0025] It is another aspect of this invention to provide a terminal processing 
unit for the optical fiber transmission system such that optical fiber based 
transmission could be implemented at the side of user equipment (UE). 

[0026] The present invention can be implemented as follows: 
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[0027] An optical fiber transmission system, comprises a terminal processing 
unit, an optical transmission unit, and a switch unit, wherein 

[0028] the terminal processing unit, connecting with user equipment (UE), is 
used for encapsulating and converting the signal to be transferred from the UE into an 
optical signal and sending the optical signal to the optical transmission unit; as well as 
for de-encapsulating the signal from the optical transmission unit and sending the 
signal to UE; 

[0029] the optical transmission unit, connecting with the terminal processing 
unit and the switch unit respectively, is used for multiplexing the encapsulated signal 
from the terminal processing unit and sending the signal to the switch unit via optical 
fiber; as well as for de-multiplexing the signal transferred from the switch unit via 
optical fiber and then sending the de-multiplexed signal to the terminal processing 
unit; 

[0030] the switch unit, the input and output thereof connected with the optical 
transmission unit, is used for receiving the multiplexed signal at the input side from 
the optical transmission unit, de-multiplexing the signal into an electric signal before 
determining the transmission destination of the signal, and sending out the signal; at 
the same time, for multiplexing the signal to be sent from the output side thereof to 
the optical transmission unit, converting the multiplexed signal into an optical signal, 
and sending out the signal. 

[0031] An optical fiber transmission method, comprises a transmitting process 
from UE to a remote terminal and a receiving process from a remote terminal to UE, 
wherein 

[0032] The transmitting process comprises, 

[0033] A, a terminal processing unit encapsulating the signal from UE, 
converting the signal into an optical signal and then sending the signal to an optical 
transmission unit; 

[0034] B, an optical transmission unit multiplexing the encapsulated signal, 
and then sending the signal to a switch unit via optical fiber; 

[0035] C, the switch unit converting the multiplexed signal into an electric 
signal and de-multiplexing the signal, determining the transmission destination of the 
de-multiplexed signal and sending the signal; and 
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[0036] the receiving process comprises, 

[0037] D, the switch unit multiplexing the signal that needs to be sent to the 
optical transmission unit, converting the multiplexed signal to an optical signal and 
then sending to the destination optical transmission unit via the optical fiber; 

[0038] E, the optical transmission unit de-multiplexing the optical signal from 
the switch unit, and then sending to the terminal processing unit; 

[0039] F, the terminal processing unit converting the optical signal from the 
optical transmission unit into an electric signal, de-encapsulating the electric signal 
based on the signal type thereof, and then sending the signal to the UE. 

[0040] A terminal processing unit used for an optical fiber transmission 
system, comprising: a signal codec module, a terminal frame processing module, and 
a terminal electric/optical signal processing module, wherein 

[0041] the signal codec module encodes various signals sent by UE and sends 
the signals to the terminal frame processing module while decoding the digital signals 
from the terminal frame processing module and sending the signals to the UE; 

[0042] the terminal frame processing module receives the digital signals sent 
by the signal codec module and sends the signals to the terminal electric/optical signal 
processing module after encapsulating the signals while de-encapsulating the electric 
signals from the terminal electric/optical signal processing module and sending the 
signals to the signal codec module; 

[0043] the terminal electric/optical signal processing module converts the 
optical signal from an optical transmission unit into the electric signal and sends the 
signal to the terminal frame processing module while converting the electric signal 
from the terminal frame processing module into an optical signal and sending the 
signal to the optical transmission unit. 

[0044] As seen from the scheme described above, the present invention 
provides an integrated optical fiber transmission system and an implementing method 
thereof, realizing the transmission based on optical fiber throughout the entire 
telecommunication system, guaranteeing the needs for transmission bandwidth 
resources during the whole transmission process and the QOS (Quality of Service) of 
various services in the telecommunication system, and moreover, meeting 
requirement for rapid and blockless switching of various services. 
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[0045] The present invention also supports bandwidth resource application at 
UE, enabling bandwidth resource allocation on demand. As a result, the flexibility of 
network resource management is improved such that a subscriber can apply for 
bandwidth resources according to his needs and the customized demand thereof can 
be met. 

[0046] A gateway unit is configured as well according to the present invention 
so reliable interconnection of data transmission between communication networks 
based on different protocols is achieved. 

[0047] The present invention has following advantages compared with the 
prior art: 

[0048] 1, the single-layer networking adopted in the present invention 
simplifies the construction of communication networks, thereby greatly reducing the 
overall cost of setting up an optical fiber transmission network; 

[0049] 2, in accordance with the present invention, voice, data and video 
services are merged on one network for transmission, greatly reducing the overall cost 
of constructing networks separately as in the prior art, and at the same time, avoiding 
redundant constructions; 

[0050] 3, in accordance with the present invention, QoS is guaranteed by the 
transmission bandwidth and the cross capacity, respectively, for instance, in 
accordance with the present invention, visible time-delay of the picture on a video 
phone can be eliminated, which means pictures on the phone could be smooth and 
natural like those on common TV; 

[0051] 4, Mesh networking architecture is adopted in the present invention, 
which has much better protective effects on data transmission than ring networking 
architecture in the prior art; 

[0052] 5, the present invention supports single-call-based application for 
bandwidth resources and bandwidth resource allocation on demand, making it 
possible for subscribers to choose bandwidth resources according to the needs thereof; 

[0053] 6, in accordance with the present invention, optical fiber is used for 
transmission throughout the network such that the transmission can neither be 
interfered by the surrounding environment nor can it produce electromagnetic 
radiation in the surrounding environment. 
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Brief Description of the Drawings 

[0054] Fig.l is a schematic diagram of the architecture of a transmission 
network in the prior art; 

[0055] Fig.2 is a schematic diagram of the architecture of the optical fiber 
transmission system in accordance with the embodiment of present invention; 

[0056] Fig. 3 is a schematic diagram of the architecture of the switch unit in 
accordance with the embodiment of present invention; 

[0057] Fig.4 is a schematic diagram of the architecture of the optical 
transmission unit in accordance with the embodiment of present invention; 

[0058] Fig.5 is schematic diagram 1 of the architecture of the terminal 
processing unit in accordance with the embodiment of present invention; 

[0059] Fig.6 is schematic diagram 2 of the architecture of the terminal 
processing unit in accordance with the embodiment of present invention; 

[0060] Fig.7 is schematic diagram 1 of the architecture of the gateway unit in 
accordance with the embodiment of present invention; 

[0061] Fig. 8 is schematic diagram 2 of the architecture of the gateway unit in 
accordance with the embodiment of present invention; 

[0062] Fig.9 is schematic diagram 3 of the architecture of the gateway unit in 
accordance with the embodiment of present invention. 

Embodiments of the Invention 

[0063] The optical fiber transmission system in accordance with this 
embodiment of invention at least comprises three parts, a switch unit, an optical 
transmission unit and a terminal processing unit. Besides, under the circumstances of 
several types of communication networks coexisting, such as the case when an optical 
fiber transmission system needs to interconnect with traditional telephone network 
and television network, it is necessary to have a gateway unit that is used for 
implementing protocol conversion between the optical fiber transmission system and 
other types of networks, and the physical entity of the gateway can be integrated into 
the switch unit. Fig.2 shows the architecture of the system according to the 
embodiment of present invention, where terminal processing unit 200 connects with 
switch unit 300 through optical fiber transmission unit 100 while different switch 
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units 300 are interconnected with each other via optical fiber transmission unit 100 
such that the signal of a subscriber can be connected to the system from one terminal 
processing unit 200, and then be sent to an corresponding subscriber through one or 
more switch units 300 connected with optical fiber transmission units 100; at the same 
time, switch unit 300 also interconnects with external network 500 via gateway unit 
400 and optical fiber transmission unit 100 so as to implement the interconnection 
between the optical fiber transmission system and external network 500. 

[0064] The switch unit is the core of the optical fiber transmission system and 
the input and output thereof connect with the optical transmission unit, respectively. 
The switch unit is for use in implementing the single-layer switching process of the 
transmission data, i.e. for use in receiving data sent by the optical transmission unit at 
the input side, determining the transmission destination of said data and sending the 
data after de-multiplexing; and at the same time, multiplexing the data that needs to be 
sent to the optical transmission unit at the output side and then sending the data to the 
corresponding optical transmission unit. The difference between the switch unit of a 
transmission network in the prior art and the switch unit in the embodiment of present 
invention is that the switching of the embodiment of present invention is done in the 
same layer and all the switching tasks that are needed by each communication in the 
service level and bear level are completed in a centralized way, thus simplifying the 
network architecture greatly while reducing the maintenance cost of the network. 

[0065] As shown in Fig.3, the switch unit usually comprises an adaptation 
module, a control module and a switching module. The adaptation module is mainly 
to realize the rate adaptation function such that the service could enter the switching 
module at the rate desired by the subscriber; the control module is to implement the 
functions such as receiving/sending and processing signaling, call controlling, as well 
as establishing and deleting cross-connections; and the switching module is used for 
implementing commands sent by the control module, and performing circuit 
switching, or packet switching, or combination of the two, or full optical switching. 

[0066] Each module comprised in the switch unit will be described in detail 
hereinafter with reference to Fig.3. 

[0067] The adaptation module, connecting with the optical transmission unit, 
sends the signal received from the optical transmission unit to the switching module 
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after rate/format processing, and sends the control and management information in the 
signal to the control module, and at the same time, sends the signal received from the 
switching module to the optical transmission unit after the rate/format processing; in 
other words, this module is used for implementing the switching and adaptation 
between the service rate/format of the optical transmission unit and the service/format 
that participates in the switching within the switch unit. 

[0068] The possible service types of the optical transmission unit include but 
are not limited to STM (Synchronous Transfer Mode)- 1/4/ 16/64 synchronous digital 
signal, ATM (Asynchronous Transfer Mode) signal, FE (Fast Ethernet), GE (Gigabit 
Ethernet), ESCON (Enterprise System Connection), and FICON (Fiber Connection) 
while the service granularities that participate in the switching include but are not 
limited to VC 12/3/4, ATM cell with fixed length, and packet slice with certain length, 
for instance, in a full circuit-switched switch unit with the cross granularity of VC12, 
if the STM-1 service is sent from the optical transmission unit, first optical-electric 
conversion and then de-multiplexing and de-mapping process from STM-1 to VC12 
according to ITU-T G.707 are carried out while in the reversed direction, mapping 
and multiplexing process from VC12 to STM-1 will be carried out in accordance with 
ITU-T G.707 before performing electric-optical conversion. 

[0069] Detailed structure of the adaptation module is shown in Fig. 3, which 
further comprises: 

[0070] An overhead processing module, including an overhead extraction 
module and an overhead generation module, wherein the overhead extraction module 
extracts the overhead received from the frame processing module and sends the 
extracted overhead to the control module, and the overhead refers to the control and 
management information of messages; and the overhead generation module receives 
the control and management information of the upstream adaptation module in the 
switch unit sent by the control module, generates the corresponding overhead and then 
sends the overhead to the frame processing module. 

[0071] A multiplexing/de-multiplexing module, including a de-multiplexing 
module and a multiplexing module, wherein the de-multiplexing module is used to 
receive the payload of the data sent by the frame processing module and send the data 
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to the switch unit after the data are de-multiplexed into code stream, and the 
multiplexing module receives code stream sent from the upstream adaptation module 
in the switching module, and sends the code stream to the frame processing module 
after a multiplexing process. 

[0072] A frame processing module, including STM framing module and STM 
de-framing module, wherein the STM framing module is used to receive the overhead 
sent by the control module in the upstream adaptation module as well as the processed 
payloads sent by the multiplexing/de-multiplexing module, and send the data to the 
electric/optical signal processing module after framing, and the STM de-framing 
module is used to de-compose the frame sent by electric/optical signal processing 
module and to send the decomposed overhead and payloads to the overhead 
processing module and the multiplexing/de-multiplexing module, respectively. 

[0073] An electric/optical signal processing module, for use in implementing 
electric-optical signal conversion between the switch unit and the optical transmission 
unit, including E/O (electric-to-optical conversion) module and O/E (optical-to- 
electric conversion) module, wherein the E/O module receives the signal sent by the 
frame processing module, converts the received signal into an optical signal and then 
sends it to the optical transmission unit, and the O/E module is used for receiving 
optical signal sent by the optical transmission unit, converting the received signal into 
an electric signal and then sending the signal to the frame processing module. 

[0074] The control module in the switch unit is for use in receiving the control 
and management information sent by the adaptation module, and making control and 
management of the switching process of the switching module based on the control 
and management information, i.e. for use in implementing such functions as the 
receiving/sending and processing of signaling, call control, as well as establishing and 
deleting of cross-connection. Kernel technology that the control module adopts 
includes but is not limited to the soft switching technology, i.e. an open standardized 
software established on an open computer platform and capable of implementing 
distributed communications, providing call control and signaling for the next 
generation network, and performing the harmonizing function between different 
networks and protocols. 
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[0075] In the case of FTTH, signaling that the control module processes can 
be transmitted in a specific channel or by a special package in the optical fiber: for the 
STM SDH signal, a specific unused overhead byte in an SDH frame may be used for 
transmission; for the FE/GE (Fast Ethernet/Gigabit Ethernet) signal, a special package 
may be used for transmission; and for the ATM signal, a specific byte of ATM OAM 
cell may be used for transmission. 

[0076] The detailed structure of the control module is shown in Fig. 3, 
comprising: 

[0077] an overhead interpreting module, receiving the overhead sent by the 
overhead extraction module of the overhead processing module, and then interpreting 
the overhead before sending it to a signaling and connection control module, i.e. 
converting the overhead byte into command messages and sending the command 
messages to a signaling and connection control module; 

[0078] a signaling and connection control module, determining the 
corresponding control signaling after receiving the interpreted overheads sent by the 
overhead interpreting module,, and sending the control signaling to the switching 
module companied with the output of the de-multiplexing module, meanwhile, 
sending the interpreted overheads to a destination-port overhead processing module so 
as to generate the overhead of destination port; 

[0079] a destination-port overhead processing module, receiving the 
interpreted overhead sent by the signaling and connection control module, generating 
the overhead of destination port, and then sending the overhead to the overhead 
generation module in the downstream adaptation module as an overhead sent to the 
optical transmission unit. 

[0080] The switching module in the switch unit is for use in determining the 
destination of the data sent by the adaptation module according to the control and 
management by control module, and sending the data to the destination, i.e. receiving 
the signal (i.e. payload) sent by the upstream adaptation module, determining the 
downstream adaptation module according to control and management information 
sent by the control module, and then sending the signal to the downstream adaptation 
module. The downstream adaptation module will then send the data out via the optical 
transmission unit. 
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[0081] After the detailed structure of the switch unit has been described, the 
functions of each functional module in the switch unit and the relations there between 
are described hereinafter with reference to the accompanying drawings. 

[0082] The STM-N (N=l, 4 ...) optical signal from the optical transmission 
unit enters the adaptation module of the switch unit first. After the processing of the 
O/E (Optical-Electrical conversion) module, the signal is converted into digitalized 
STM-N code stream of electric signal, and the code stream enters the STM de- 
framing module for separating of the overheads and payloads. Then overhead blocks 
and payload blocks are outputted. The overhead block enters the overhead extraction 
module so as to extract the overhead bytes, then the overhead bytes are outputted into 
the overhead interpreting module within the control module, where the overhead bytes 
are converted into signaling and connection-control commands which can be used 
respectively for controlling the de-multiplexing module, establishing or deleting 
connections, and configuring the destination-port overhead bytes. 

[0083] The payload block enters the de-multiplexing module, where it is de- 
multiplexed into code stream with specific rate according to the multiplexing status 
information of the control module, and then enters the switching module. The 
switching module is an unblock cross connection matrix controlled by the control 
module; and by searching in a "port-address mapping list" according to the 
destination address in the overhead bytes, the control module determines the 
destination port in the switching module corresponding to the call, and then 
establishes circuit connection from the source port to the destination port. The code 
stream flows out of the switching module from this circuit connection, enters the 

downstream adaptation module connected with the destination port , and is 

multiplexed according to the information of multiplexing status of the control module. 
The overhead generation module generates overhead bytes according to the 
destination-port overhead bytes processing module of the control module the 
overhead bytes and the multiplexed code stream form the STM-N frame structure 
together. After E/O conversion, the frame is outputted from the switch unit, and is 
transmitted to the optical transmission unit connected with the switch unit. 

[0084] As the above-said switching module of the switch unit adopts circuit 
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switching and the adaptation module carries out SDH-based multiplexing and de- 
multiplexing, QoS (Quality of Service) of the messages that are transmitted through 
the optical fiber transmission system with above implementing structure can be well 
guaranteed. 

[0085] According to the embodiment of present invention, the switching 
module can implement the switching functions not only through circuit switching, but 
also through packet switching and full optical switching; the specific functional 
characteristics of different switching will be described hereinafter. 

[0086] By the circuit switching, any type of service such as voice, data and 
image services is mapped at the terminal into the cross granularity (e.g. VC12) 
designated by the subscriber, and is switched as a whole based circuit connection in 
the cross network such that communications with terminals of the same type could be 
implemented. As the locations of different types of services within the granular 
bandwidth are known, different types of services can be separated and 
communications thereof with terminals in other service networks (for instance, 
communications with traditional telephony terminal) can be implemented through 
gateway equipment. The granularities used in circuit switching include but are not 
limited to 64Kbps, VC12, VC3, and VC4; 

[0087] The packet switching comprises the storing and forwarding mode of 
switching, i.e. first storing the messages from a subscriber in a storage device 
temporarily, then dividing the messages into a plurality of packets of certain length, 
putting labels of fixed format in front of each packet to indicate the source address, 
destination address and packet serial number thereof. 

[0088] Both 100 Base fiber LAN switch and 100 Base fiber IP router with 
optical interface can act as the switch unit according to the embodiment of present 
invention, of which the principle is based on packet switching. The Ethernet switch 
can be either two-layer switch or three-layer switch. 

[0089] A combination of circuit switching and packet switching comprises, 
logically, circuit switching and packet switching devices coexisting in one switch unit, 
and physically, separate entities; and the control module choosing circuit switching or 
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packet switching according to the QoS level designated by the subscriber. 

[0090] The optical transmission unit in the embodiment of present invention is 
used for transmitting messages between the terminal processing unit and the switch 
unit, between the switch unit and the switch unit, as well as between the switch unit 
and the gateway unit; i.e. the optical transmission unit connects with the terminal 
processing unit, the switch unit and the gateway unit, respectively, so as to multiplex 
the data packet sent by the terminal processing unit or the gateway unit, and send the 
multiplexed data to the switch unit via optical fiber; as well as de-multiplex the signal 
received from the switch unit via optical fiber, and send the de-multiplexed signal to 
the terminal processing unit or the gateway unit. 

[0091] Detailed structure of said optical transmission unit comprises, 

[0092] an optical network unit, connecting with the terminal processing unit, 
receiving signal sent by the terminal processing unit and sending the signal to an 
optical allocation unit, meanwhile, sending the signal received from the optical 
allocation unit to the terminal processing unit; 

[0093] an optical allocation unit, connecting between the optical network unit 
and an optical line terminal, for use in aggregated processing of the signals received 
from one or more optical network units and sending the processed signals to one 
optical line terminal, meanwhile, distributing the signal received from the optical line 
terminal to different optical network units; 

[0094] an optical line terminal, connecting between the switch unit and optical 
allocation unit, for use in interaction between the optical allocation unit and the switch 
unit. 

[0095] Said optical transmission unit comprises the unit implemented based 
on PON (Passive Optical Network), CWDM (Coarse Wave Division multiplexing), 
DWDM (Dense Wave Division multiplexing) or UWDM (Ultra Dense Wave Division 
multiplexing), i.e. it usually adopts multiplexing/de-multiplexing technologies that 
implement optical transmission based on PON, CWDM, DWDM, or UWDM. The 
optical transmission unit mainly consists of multiplexing/de-multiplexing portion and 
optical fiber links, of which the transmitting range can exceed that of a metropolitan 
area network and reach that of a wide area network, i.e. the range can be that of a long 
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distance transmission. Since the CWDM and DWDM technology is fully developed, 
no description will be given here. Instead, a simple introduction will be made to the 
PON and UWDM technology. 

[0096] The architecture of the optical transmission unit that is implemented 
based on PON is shown in Fig.4, which usually includes OLT (Optical line terminal), 
POS (Passive optical splitter) and ONU (Optical network unit), wherein the POS 
implements functions of the optical allocation unit and the ONU implements functions 
of the optical network unit. The PON here may be a narrowband PON or a broadband 
PON, wherein a broadband PON may comprise EPON or APON depending on the 
type of technology employed. Taking EPON as an example, in the downlink direction, 
a service received from the OLT side is duplicated into identical service of multiple 
paths by POS, which are sent to all the ONU that connect with that branch; each ONU 
selects its services to transfer to the terminal connected with it according to given 
rules, and discards the services that do not belong to it, as shown in Fig.4. In the 
uplink direction, TDM (Time Division Multiplexing) technology is adopted in 
management so as to avoid interference between information packets from different 
ONU, and each ONU is assigned with a special time slot. For instance, ONU-1 
(Optical network unitl) information packet is transferred in the first time slot, ONU-2 
(Optical network unit2) information packet is transferred in the second non-overlap 
time slot, and ONU-n information packet is transferred in the n th non-overlap time slot. 

[0097] There are so far at least two schemes based on EPON technology: one 
is TDM based TDM-EPON (Time Division Multiplexing-Ethernet Passive Optical 
Network), of which the transmission range is up to 20Km, one optical fiber 
accommodates up to 128 users, and the total bandwidth at most is from 622Mbps to 
2.4Gbps. The other is Wave Division multiplexing based WDM-EPON (Wave 
Division multiplexing-Ethernet Passive Optical Network), of which the transmission 
range is up to 60Km, one pair of optical fibers accommodates 16 users, and the total 
bandwidth can as high as 1.6Gbps to 160Gbps. 

[0098] UWDM technology implements multiplexing for more than 1000 
wavelengths by means of super stable laser locking technology, Ultra Dense WDM 
filtering and interleave technology. In the case of using multi-port interleaver, 
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UWDM can even implement multiplexing for 1280 wavelengths. The UWDM 
technology can make full use of bandwidth resources of optical fiber, and can inter- 
work with DWDM system while allocation of one wavelength for each subscriber 
provides a solution to the security problem of service. 

[0099] The terminal processing unit according to the embodiment of present 
invention is connected with UE for use in encapsulating and sending the signal to be 
transmitted from the UE to the optical transmission unit, and for use in de- 
encapsulating the signal received from the optical transmission unit and sending the 
signal to the UE. The terminal processing unit integrates video, audio and data, 
encapsulates whatever kinds of services into the specific bandwidth that the subscriber 
has presently applied for, and sends the service data as a whole to the remote UE. 

[0100] During the evolution of a network, functions of a broadband terminal 
may be implemented by means of relatively simple optical terminals (conversion of 
video, audio and data into optical signal) together with traditional TV set, telephone 
set, or computer. In each communication operation, transmission bandwidth and size 
of cross granularity can be chosen by the subscriber according to the demand with 
help of system prompt. Meanwhile, the system separates the services, which have 
been put into packets by the terminal processing unit such that different types of 
services could be separated. When the Broadband terminal communicates with 
traditional telephone or data terminal, after the services are separated, the voice 
service or the data service can enter the traditional PSTN (Public Switched telephony 
network), Internet or other type of network through special gateways. 

[0101] The terminal processing unit usually connects to the optical 
transmission unit by optical fiber with the rate of STM- 1/4/ 16/64, or FE, GE etc.. 
Under some special circumstances such as being blocked by mountain, river, or 
buildings, however, the terminal access may be implemented by multifarious seamless 
broadband access techniques, including but not limited to FSO (Free Space Optics 
communication), microwave communication, and etc. 

[0102] The terminal processing unit is shown in Fig.5 and Fig. 6, which 
specifically comprises: 
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[0103] a signal codec module: when the UE is an analog device, converting 
different analog signals sent by the UE to digital signals, and sending the encoded 
signals to a terminal frame processing module; at the same time, converting the digital 
signals received from the terminal frame processing module into analog signals, and 
sending the decoded signals to the UE; when the UE is a digital device, coding 
different signals sent by the UE and sending the encoded signals to the terminal frame 
processing module; at the same time, decoding the digital signals received from the 
terminal frame processing module, and sending the decoded signals to the UE; this 
module specifically comprising six function modules: video encoder, audio encoder 
and data encoder as well as video decoder, audio decoder and data decoder, used for 
the codec processing of the corresponding video signal, audio signal and data signal, 
respectively, wherein the six functional modules may introduce and output 
corresponding video signal, audio signal and data signal directly or through an 
integrated terminal for video, audio and data; 

[0104] a terminal frame processing module: sending the digital signals 
received from signal codec module to a terminal electric/optical signal processing 
module after the encapsulating and framing process, at the same time, sending the 
electric signal received from the terminal electric/optical signal processing module to 
the signal codec module after de-framing and de-encapsulating; the module 
specifically comprising a GFP (Generic Framing Protocol) encapsulating module, a 
GFP de- encapsulating module, a mapping module, a de-mapping module, a 
multiplexing module, a de-multiplexing module, a STM framing module and a STM 
de-framing module, wherein the uplink signal is processed successively through the 
GFP encapsulating module, the mapping module, the multiplexing module and the 
STM framing module such that corresponding frames are generated and sent to the 
terminal electric/optical signal processing module while the downlink signal is 
processed successively through the STM de-framing module, the de-multiplexing 
module, the de-mapping module and the GFP de-encapsulating module such that the 
processing result is sent to the signal codec module; the video encoder, the audio 
encoder and the data encoder in this module correspond to a pair of GFP 
encapsulating module and mapping module, respectively, and to a pair of 
multiplexing module and STM framing module jointly while the video decoder, the 
audio decoder and the data decoder correspond to a pair of STM de-framing module 
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and de-multiplexing module jointly and to a pair of de-mapping module and GFP de- 
encapsulating module, respectively; 

[0105] a terminal electric/optical signal processing module: converting the 
optical signals received from the optical transmission unit into electric signals and 
sending the signals to the STM de-framing module in the terminal frame processing 
module, meanwhile, converting the electric signals sent by said STM de-framing 
module into optical signals and sending the signals to the optical transmission unit; 

[0106] a man-machine interface module: forwarding the operation commands 
received from the UE to the control and management information processing module, 
at the same time, receiving and forwarding control and management information from 
the control and management information processing module to the UE; 

[0107] a control and management information processing module: after 
receiving operation commands from the man-machine interface module, producing 
and sending corresponding control and management information to the terminal 
overhead processing module, meanwhile, receiving control and management 
information sent by the terminal overhead processing module, interpreting the 
information and sending it to the man-machine interface module; 

[0108] a terminal overhead processing module: including overhead generation 
module and overhead extraction module, said overhead generation module receiving 
control and management information sent by the control and management information 
processing module, producing and sending corresponding frame overhead to the 
terminal frame processing module, at the same time, said overhead extraction module 
receiving frame overhead sent by the terminal frame processing module, extracting 
control and management information and sending the information to the control and 
management information processing module. 

[0109] Said terminal processing module in the embodiment of present 
invention can be an optical terminal. 

[0110] After the structure of said terminal processing unit is described, 
functions of each module and interrelationship among functional modules in said 
terminal processing unit will be described in detail hereinafter with reference to Fig.5 
and Fig.6. 
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[0111] The upstream video signal sent by a video terminal such as video 
camera is converted into digital signal by compressing and encoding operation in the 
video encoder module, the rate of said digital signal can be different because different 
compressing and encoding standards can be employed by the video encoder module. 
Generally, the standards that the video encoder module can employ include MPEG-1, 
MPEG-2, MPEG-4, MPEG-7, ITU-T H.261, ITU-T H.263, ITU-T H.263+; when the 
video encoder module employs MPEG-1 standard (standard number is ISO/EEC 
11172), transmission rate of the digital signal is no more than 1.5Mbps; when the 
video encoder module adopts MPEG-2 standard (standard number is ISO/IEC 13818), 
transmission rate of the digital signal may be 80Mbps, 60Mbps, 15Mbps or 4Mbps 
depending on different quality levels; and the rest may be inferred; MPEG-4 or 
H.263+ corresponds to the rate of 24kbps~64kbps; H.261 corresponds to the rate of p 

*64kbps; H.263 corresponds the rate of less than 64kbps. The digital code stream 

outputted from the video encoder module will enter the GFP encapsulating module for 
GFP encapsulating and framing, of which the principle has been described in detail in 
ITU-T G.7041/Y.1303 (12/2001); the bandwidth resources for the code stream of GFP 
frame outputted from the GFP encapsulating module will be determined according to 
the bandwidth allocation policy that is default in system or customized by the 
subscriber through the man-machine interface module, and the code stream is mapped 
to one or more 64kbps time-slots, or to a Virtual Container (e.g. VC-12) of a certain 
bandwidth or Virtual Connection of several Virtual Containers (e.g. VC-3-2V, i.e. 
Virtual Connection with two VC-3). Then the mapped code stream flows into the 
multiplexing module for time division multiplexing together with the code stream of 
the audio and data service portion after mapping operation, and the multiplexed code 
streams will enter the STM framing module together with the overhead bytes. 

[0112] Said overhead comprises mapping and multiplexing status information, 
signaling information, and control and management information, and there will be 
only overhead interaction after a subscriber makes a communication application and 
before the communication is established successfully. The mapping and multiplexing 
status information includes the service type corresponding to the code stream of GFP 
frame, i.e. video, voice or data, the mapping bandwidth, and the location information 
after being multiplexed to the SDH frame structure, where the location information is 
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generally represented by the numbers of the starting and ending time slots that the 
code stream occupies in the SDH frame structure. The mapping and multiplexing 
status information is written into the location of Section Overhead (SOH) byte in SDH 
frame structure to generate STM-N (N=l,4,16,...) code stream, and the STM-N code 
stream is converted through the E/O module into the upstream STM-N optical signal, 
which flows to the switch unit via optical fiber. There are detailed definitions and 
explanations on said mapping, Virtual Container, Virtual connection and multiplexing 
in ITU-T G.707/Y.1322 (10/2000). 

[0113] The upstream audio signals sent by an audio terminal, such as a 
telephone set or a microphone, are converted into digital signals through compressing 
and encoding in the audio encoder module. The rate of said digital signal can be 
different because different compressing and encoding standards are employed by the 
audio encoder module. The standards that the audio encoder module may employ 
include PCM, MPEG-1, MPEG-2 and MPEG-2 AAC. The digital code stream 
outputted from the audio encoder module will enter the GFP encapsulating module 
and will be processed in the same way as the video part after GFP encapsulating and 
framing. 

[0114] The upstream data signals sent by a data terminal such as a server may 
comprise data signals of any rate and any type, such as the data signals of Ethernet, 
Escon (Enterprise System Connection), Ficon (Fiber Connection), Fiber Channel and 
etc., and the data signals enter the data encoder module. Take the data signal involved 
in Ethernet as an example, the encoder module will perform the adaptation of Physical 
Layer (PHY) and the processing of Media Access Control layer (MAC), and complete 
the conversion of data stream from Manchester code, MLT-3 code or other codes to 
NRZ. The digital code stream outputted from the data encoder module will enter the 
GFP encapsulating module, and will be processed in the same way as the video part 
after GFP encapsulating and framing. 

[0115] On the other hand, the optical signal STM-N coming from the 
downstream optical fiber is converted into digital STM-N electric signal code stream 
by the O/E module. The code stream enters the STM de-framing module for 
separation of overheads and payloads, and is outputted as overhead blocks and 
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payload blocks, wherein the overhead blocks enter the overhead extraction module for 
the extraction of specific overhead bytes, and is outputted to the control and 
management information processing module for the processing and execution of 
related control and management information while the payload blocks enter the de- 
multiplexing module and is de-multiplexed into a code stream with specific rate of 
Virtual Container according to the multiplexing status information, the code stream 
flows in turn to the de-mapping module and is de-mapped into a code stream of GFP 
frame according to the mapping status information, the code stream of GFP frame 
enters the GFP de-encapsulating module, where the GFP header and overhead are 
removed and then a pre-decoding digital code stream is outputted, and the pre- 
decoding code stream enters the decoder module, where decoding is carried out and a 
service signal is outputted. 

[0116] In the terminal processing unit, the three services will enter different 
SDH time-slots, respectively; therefore, no interference will exist among them. 
Moreover, the subscriber can also define the bandwidth and the time-slot position for 
each service, i.e. bandwidth application based on each communication can be made as 
mentioned above. This approach of bandwidth allocation based on connection makes 
the bandwidth fully belong to the current communication once the bandwidth is 
allocated, therefore, QoS can be guaranteed. As for the overhead bytes involved in 
signaling transmission, it is possible to use a certain byte or a combination of several 
bytes in the Section Overhead of SDH frame structure, such as D1-D3, D4-D12, or 
El, etc.. When a subscriber calls a TV center, establishes communications and 
demands for programs, the TV center server will transmit TV services to the 
subscriber through the bandwidth designated by the subscriber. At this time, the TV 
center can be treated as a remote subscriber that communicates with this subscriber. 

[0117] The structure of the terminal processing unit in accordance with an 
embodiment of the embodiment of present invention may have other types, for 
example: 

[0118] With development of FTTH application as well as subscribers' 
requirements on simplification of terminal equipment, a terminal processing unit will 
connect with one terminal that integrates video, audio and data services rather than 
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connect with a plurality of terminal devices such as TV set, telephone set and 
computer, which can avoid complicated cable connection between traditional terminal 
units and terminal devices and save space and energy to a certain extent. 

[0119] Usually, optical network units (ONU) or optical network terminals 
(ONT) that are based on APON (ATM Passive Optical Network), EPON (Ethernet 
Passive Optical Network) and GPON (Gigabit-capable Passive Optical Network) can 
be used as the terminal processing unit in the embodiment of present invention. The 
technical architectures of said optical network unit or optical network terminal have 
been defined and explained in detail in ITU-T G.983 (ITU, International 
Telecommunication Union), IEEE 802. 3ah (IEEE, Institute of Electrical and 
Electronics Engineers) and ITU-T G.984. 

[0120] Similarly, the new-model integrated terminal processing unit that 
combines ONU or ONT with video, audio and data modules can also be used as the 
terminal processing unit of the embodiment of present invention. 

[0121] The gateway unit in the embodiment of present invention is connected 
between the switch unit and other networks, implementing protocol conversion 
between the present switching network and other types of network, and thereby 
realizing the inter-working with other types of network. For instance, when the 
terminal processing unit in the present switching network initiates a call to an audio 
terminal of a PSTN network, after the audio and video services sent enter the gateway 
unit, the video service in the call will be separated and discarded, and only the audio 
portion flows into the audio terminal while, in the opposite direction, the service 
stream from the audio terminal to the terminal processing unit of the present switching 
network comprises only audio portion with null bytes filled in the position of video 
service. 

[0122] Physical entity of the gateway unit can be integrated into the switch 
unit, and the control module can implement converting and harmonizing functions 
between different networks and protocols in a unified way. 

[0123] When the optical fiber transmission system is connected with a 
traditional PSTN (Public Switching Telephone Network) or data network, the gateway 
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unit is as shown in Fig. 8 and Fig. 9, comprising: 

[0124] a signal processing module, generating signals required by external 
networks using the data sent by a gateway codec module and the control and 
management information sent by a gateway frame overhead processing module and 
sending out the signals, at the same time, receiving the signals from external 
networks, sending the data information therein to the gateway codec module, and 
sending the control and management information therein to the gateway overhead 
processing module; 

[0125] When the optical fiber transmission system connects with a traditional 
PSTN, said signal processing module comprises a voice signal analyzer and a voice 
signal generator; 

[0126] When the optical fiber transmission system connects with a traditional 
data network, said signal processing module comprises a data signal analyzer and a 
data signal generator; 

[0127] a gateway codec module, receiving audio, video or data information 
sent by the signal processing module, encoding the information and then sending it to 
the gateway frame processing module, wherein different information corresponds to 
different encoder module, such as audio encoder module, data encoder module etc.; at 
the same time, receiving the data sent by the gateway frame processing module, 
decoding the data and then sending them to the signal processing module, wherein, 
similarly, different service information corresponds to different decoder module, such 
as audio decoder module, data decoder module etc.; 

[0128] a gateway overhead processing module, receiving the control and 
management information sent by the signal processing module, extracting signaling 
and forming appropriate overhead and then sending it to the gateway frame 
processing module, meanwhile, receiving the overhead sent by the gateway frame 
processing module, extracting the overhead and forming appropriate signaling and 
then sending it to the signal processing module; 

[0129] a gateway frame processing module, receiving the audio, video and 
data information sent by the gateway codec module and the overhead sent by the 
gateway overhead processing module, and sending the appropriate frame generated 
from the information and overhead to a gateway electric/optical signal processing 
module, which specifically comprises successive GFP encapsulating, mapping, and 
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multiplexing of the audio, video and data information, and STM framing thereof 
together with the overhead before send the frame to the E/O module; at the same time, 
receiving the frame sent by the gateway electric/optical signal processing module, 
separating the information of the frame into appropriate audio, video and data 
information and overhead and sending the separated information and overhead to the 
corresponding gateway codec module and gateway overhead processing module, 
respectively, which specifically comprises, first, STM de-framing, i.e. de-composing 
the frame into appropriate overhead code block and audio, video and data information 
code block, wherein overhead is extracted from the overhead code block and 
appropriate signaling is generated and sent to the signal processing module while said 
audio, video and data information code block is sent to the gateway codec module 
after successive de-multiplexing, de-mapping and GFP de-encapsulating; 

[0130] a gateway electric/optical signal processing module, comprising E/O 
module and O/E module, wherein the E/O module converts the received frame from 
the gateway frame processing module into an optical signal and sends the signal to the 
optical transmission unit while the O/E module receives the optical signal sent by the 
optical transmission unit, converts the optical signal into an electric signal and then 
sends the electric signal to the gateway frame processing module. 

[0131] The gateway unit in the embodiment of present invention can be 
embedded in the switch unit. 

[0132] As shown in Fig. 8, the working principle of the gateway unit in an 
embodiment of the embodiment of present invention is as follows: 

[0133] The payloads and signaling within the voice signal coming from a 
PSTN are separated after the processing of the voice signal analyzer, and the signaling 
extraction module converts the signaling into overhead bytes while said payloads 
enter the audio encoder module for encoding, and then for GFP encapsulating, 
mapping, and multiplexing. The multiplexed code stream and the overhead bytes 
jointly constitute STM frame code stream, which flows out of the gateway unit (i.e. 
audio gateway) after electric-to-optical conversion in the E/O module, and flows into 
the optical fiber transmission system described in the embodiment of present 
invention. On the other hand, the downstream inbound gateway signal is appropriately 
processed by O/E conversion, STM de-framing, overhead extraction, de-multiplexing, 
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de-mapping, GFP de-encapsulating, and audio decoding, and the signaling generation 
module converts the overhead bytes outputted from the overhead extraction module 
into the signaling of traditional voice signal. Then the signaling flows into the voice 
signal generator together with the audio signal outputted from the audio decoder 
module, and the output of the voice signal generator comes out of the gateway unit 
and goes into the traditional PSTN. 

[0134] As shown in Fig.9, the working principle of the gateway unit in 
another embodiment of the embodiment of present invention is as follows: 

[0135] After the processing of the data signal analyzer, payloads (text of the 
message) and header within the data signal coming from a data network are separated. 
The header extraction module converts the header into overhead bytes while the 
payloads enter the data encoder module for encoding, and then for GFP encapsulating, 
mapping, and multiplexing. The multiplexed code stream forms STM frame code 
stream together with the overhead bytes. Then after E/O conversion, the code stream 
outflows from the data gateway unit and inflows into the optical fiber transmission 
system of the embodiment of present invention. On the other hand, after the 
downstream inbound gateway signal is appropriately processed by O/E conversion, 
STM de-framing, overhead extraction, de-multiplexing, de-mapping, GFP de- 
encapsulating, and data decoding, the header generation module converts the 
overhead bytes outputted from the overhead extraction module into the header of a 
traditional data signal, which flows into the data signal generator together with the 
signal outputted from the data decoder module. Then the outputted data signal 
outflows from the gateway unit and inflows into the traditional data network. 

[0136] The structure of the gateway unit in an embodiment of the embodiment 
of present invention is shown in Fig.7. 

[0137] Since the traditional TV service usually is a unilateral broadcasting 
service, there is only unilateral service flow through the video gateway. Each output 
code stream from the decode module enters the SDTV signal generator together with 
the signaling, control and management messages, which form the traditional TV 
signal, and the traditional TV signal then enters the traditional television network. The 
signal processing module is a SDTV (Standard Definition Television) signal 
generator. 
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[0138] Based on the optical fiber transmission system of this embodiment of 
invention, an optical fiber transmission method is provided, which comprises a 
transmitting procedure and a receiving procedure. Specifically, the transmitting 
procedure comprises: 

[0139] Step 100: determining the type of data to be transmitted by UE, which 
usually comprises audio, video or data information, for instance, when a user picks up 
the phone and initiates a call, it means that the user desires to send out audio signals; 
if it is a video phone, video signals will be sent out together. 

[0140] Step 101: defining the needed bandwidth resources through the module 
with a man-machine interface, or calling the bandwidth resources that is default in the 
system. Since optical fiber is used for transmission throughout the communication in 
the embodiment of present invention, abundant bandwidth resources makes it possible 
to assign appropriate bandwidth resources for each UE on demand. 

[0141] On one hand, to obtain appropriate bandwidth resources, UE may 
define necessary bandwidth through the man-machine interface module provided by 
the terminal processing unit such that the UE could select appropriate bandwidth 
resources according to its needs. If the UE needs to send or receive video signals, it is 
necessary to choose a larger bandwidth, otherwise, smaller bandwidth may be 
selected. 

[0142] On the other hand, the UE can call the default bandwidth resources in 
the system, of which the quantity can be configured according to different application 
cases. When the UE provides video service, a larger default bandwidth may be 
configured; for data service, smaller quantity of bandwidth resource may be 
configured. 

[0143] Step 102: the signal codec module encoding the audio, video and data 
signals sent by the UE, and then sending the encoded signals to the terminal frame 
processing module. 

[0144] Step 103: after receiving the encoded audio, video and data signals, the 
terminal frame processing module implementing unified encapsulating, mapping, 
multiplexing and framing of the signals, and then sending them to the terminal 
electric/optical signal processing module, i.e. putting the signals in one packet and 
sending the packet to the terminal electric/optical signal processing module. 
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[0145] Step 104: the terminal electric/optical signal processing module 
converting the frames sent by the terminal frame processing module into optical 
signals, and then sending the signals to the optical transmission unit; 

[0146] Step 105: sending the optical signals that carry the audio, video and 
data signals to the switch unit through the optical transmission unit, i.e. 

[0147] First, assigning special time slots for each optical network unit, then 
multiplexing the data to be sent in the assigned time slots and sending the data to the 
optical allocation unit, i.e. a passive optical splitter; converging the data sent from 
each optical network unit by the passive optical splitter, and finally sending the 
converged data to the switch unit through the optical line terminal that provides 
optical fiber interface; 

[0148] Step 106: after the switch unit receiving the audio, video and data 
signals sent by the optical transmission unit, the adaptation module carrying out 
optical-to-electrical conversion, overhead extraction and de-multiplexing, and then 
sending the processed signals to the switching module and the control module; 

[0149] Wherein, after receiving the code stream sent by the adaptation 
module, the switching module will determine destination of the audio, video and data 
signals according to the control and management information received by the control 
module, i.e. the control module will convert the control and management information 
received from the adaptation module into corresponding control signaling, and send it 
to the switching module so as to determine the transmitting destination of said audio, 
video and data signals as well as the size of the switching granularity according to the 
related control signaling and send the determined information to the downstream 
adaptation module in the switch unit; 

[0150] the control module of the switch unit will control, according to 
commands of the subscriber, the switching module to select corresponding switching 
granularities, such as 64Kbps, VC12, VC3, and VC4, for switching. 

[0151] Step 107: the downstream adaptation module receiving the code stream 
sent by the switching module, which is initiated by the upstream adaptation module, 
and then multiplexing the stream; the frame processing module then generating the 
corresponding frame according to the overhead of the upstream adaptation module 
sent by the control module and sending the frame to the electric/optical signal 
processing module; after receiving said frame, the electric/optical signal processing 



29 



Docket No. 56815.1200 
Customer No. 30734 



PATENT 



module making electric-to-optical conversion and then sending it to the optical 
transmission unit. 

[0152] The audio, video and data signals are transmitted between the switch 
unit and the optical transmission unit until reaching the appropriate receiving 
terminal, by then, the transmitting procedure is over. 

[0153] The receiving procedure in the method according to the embodiment of 
present invention comprises the following steps: 

[0154] Step 200, the switch unit multiplexing the audio, video and data signals 
to be sent, converting the multiplexed signals to optical signals and then sending the 
to the destination optical transmission unit via optical fiber; 

[0155] Step 201, the optical transmission unit receiving the audio, video and 
data information to be sent to the corresponding UE, de-multiplexing the information 
and sending the de-multiplexed information to the terminal processing unit; 

[0156] Specifically this step comprising: 

[0157] sending, via the optical fiber interface of the optical line terminal, the 
audio, video and data information to the optical allocation unit, i.e. the passive optical 
splitter; 

[0158] the passive optical splitter duplicating the signal sent by the optical line 
terminal into multiple identical signal, and then sending them to the optical network 
units; 

[0159] each optical network unit receiving said audio, video and data 
information, and then sending the signal belonging to itself to the terminal processing 
unit. 

[0160] Step 202, the terminal processing unit carrying out such processing as 
optical-to-electrical conversion and de-encapsulating according to the type of the 
signal, and then sending the data to the UE; 

[0161] Specifically the processing comprising: 

[0162] after receiving the signal sent by the optical transmission unit, the 
terminal electric/optical signal processing module in the terminal processing unit 
carrying out optical-to-electrical conversion and then sending the signal to the 
terminal frame processing module; 
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[0163] after receiving the frame sent by the terminal electric/optical signal 
processing module, the terminal frame processing module carrying out de-framing, 
de-multiplexing, de-mapping and de-encapsulating of the frame successively, and 
then sending the processed signal to the signal codec module; 

[0164] after receiving said signal sent by the terminal frame processing 
module, the signal codec module decoding and then sending the signal to the 
corresponding UE; the UE receiving the decoded signal, and the receiving procedure 
is over. 

[0165] The embodiment of present invention will be described in more detail 
hereinafter with reference to specific embodiments. Take the circuit switched 
communications between subscribers within a switch as an example and the signaling 
transmission and the processing mechanism and implementing method according to 
the embodiment of present invention are as follows. 

[0166] When UE sends a communication request by such operation as picking 
up a phone, turning on the power for a video terminal, or clicking IE (browser), the 
transmission laser (i.e. terminal processing unit) at UE will be turned on, and the 
request is transmitted to the control module of the switch unit through the optical 
transmission unit and the adaptation module of the switch unit. 

[0167] After detecting the request from the UE, the control module records the 
port number PI of the UE, and searches in the "mapping list of address-port" stored in 
the control module, wherein the maintenance of said mapping list is usually carried 
out by personnel of network management, i.e. when a new terminal is connected to 
the network, the personnel of network management will add the port and address 
information of the terminal in the mapping list. After obtaining the corresponding 
address number Al, such as the telephone number, IP address, etc., the control 
module notifies the system whether it is ready through special bytes (for instance 
overhead bytes of SDH). Usually, different messages may be employed to represent 
busy and ready, respectively. 

[0168] After receiving the message (for instance, a dialing tone) that indicates 
the system is ready, the UE may notify the control module of destination address A2 
of the call through a specific means, such as ordinary dialing, inputting the IP address 
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of callee, or even sending a voice calling of the name of the callee directly. 

[0169] According to the destination address, the control module searches in 
the mapping list of address-port so as to get the port number P2 corresponding to the 
address, and meanwhile detects whether the port is free, if it is free, continues with the 
communication process, otherwise, sending the "destination port is busy" message to 
the calling party. 

[0170] If the port is detected as free, the control module issues the prompting 
message, to instruct the subscriber to choose the bandwidth and the size of switching 
granularity that are needed for transmitting said audio, video and data information 
such that the bandwidth that needs to be assigned for the transmission of the audio, 
video and data information could be determined and the switching module in the 
switch unit could make appropriate switching. 

[0171] The control module establishes a bi-directional connection between PI 
and P2 according to demands of the subscriber; 

[0172] Once any party requests to stop the communication through a specific 
means (for instance, hanging up the phone), the control module may send a prompt 
for re-confirmation of stopping the communication, if it is re-confirmed, delete the 
connection and the communication is ended. 

[0173] The method in accordance with this embodiment of invention further 
comprises processing steps for receiving signals from external networks. The external 
networks refer to networks other than the optical fiber transmission network that is 
established based on the optical fiber transmission system provided by the 
embodiment of present invention, such as traditional CATV network, traditional 
ordinary telephone network, etc., The processing steps specifically comprises: 

[0174] The signal processing module receiving signals sent by an external 
network and making analysis and processing of the signals such that the signals are 
separated into the service information as well as the control and management 
information and are sent to the gateway codec module and gateway overhead 
processing module, respectively; 

[0175] After encoding said service information, the gateway codec module 
sending the encoded service information to the gateway frame processing module, 
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meanwhile, the gateway overhead processing module determining and generating 
corresponding overhead according to said control and management information sent 
by the signal processing module, and then sending the overhead to the gateway frame 
processing module; 

[0176] After receiving the encoded service information and corresponding 
overhead, respectively, the gateway frame processing module carrying out 
encapsulating, mapping, multiplexing and framing successively, and then sending the 
resulting frames to the gateway electric/optical signal processing module; 

[0177] After electric-to-optical conversion of the frames, the gateway 
electric/optical signal processing module sending the processed frames to the optical 
transmission unit, and thus the optical fiber transmission system can receive audio, 
video and data information sent by an external network and communicate with the 
external network. 

[0178] In order to communicate with the external network properly, the 
embodiment of present invention further includes processing steps for sending signals 
to an external network, which comprise, 

[0179] After receiving the frame sent by the optical transmission unit that 
bears corresponding data, the gateway electric/optical signal processing module 
carrying out the optical-to-electrical conversion, and then sending the converted signal 
to the gateway frame processing module; 

[0180] After carrying out de-framing, de-multiplexing, de-mapping and de- 
encapsulating successively, the gateway frame processing module sending the result 
to the gateway codec module and the signal processing module; 

[0181] After decoding the service information received from the gateway 
frame processing module, the gateway codec module sending the decoded information 
to the signal processing module, and the signal processing module sending the 
decoded service information to the external network according to the control and 
management information sent by the gateway frame processing module. 
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